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KEYWORDS Summary
Influenza vaccine: Objective: To assess influenza vaccination coverage among recommended adult populations in
)

HCW: the United States.

Methods: Data from the 1989 to 2005 National Health Interview Surveys (NHISs), weighted to

Coverage; reflect the civilian, non-institutionalized U.S. population, were analyzed to determine self-

Trends; reported levels of influenza vaccination among persons aged >65 years, persons with high-risk

ACIP conditions, health care workers (HCW), pregnant women, and persons living in households with
at least one identified person at high risk of complications from influenza infection. We stratified
data by race/ethnicity to identify racial/ethnic disparities.
Results: Vaccination coverage levels among all recommended adult populations peaked in 2004,
then declined in 2005 in association with the 2004—2005 vaccine shortage. Coverage for adults
>65 years of age increased from 30.1% (95% confidence interval [CI]: 28.8—31.3) in 1989 to 70.0%
(68.0—71.5) in 2004. In 2004, coverage was 40.7% (39.0—42.5) for all adults 50—64 years, 27.2%
(24.6—29.9) for adults aged 18—49 years with high-risk conditions, 43.2% (39.9—46.6) for health
care workers, 21.1% (19.1—23.4) for non-high-risk adults aged 18—64 years with a high-risk
household member, and 14.4% (8.8—22.9) for pregnant women. Among each of the recom-
mended adult sub-groups, vaccination coverage was higher for non-Hispanic whites compared
to minority groups.
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Conclusions: By 1997, influenza vaccination coverage had exceeded the national 2000 objective
of 60% among persons aged >65 years, but by 2004 still remains well below the national 2010
target of 90%. Coverage levels for other groups targeted for influenza vaccination also are far
short of the Healthy People 2000 and 2010 goals of 60% for persons aged 18—64 years with high-risk
conditions, health care workers, and pregnant women. A concerted effort to increase provider
adoption of standards for adult immunization, public awareness, and stable vaccine supplies are
needed to improve influenza vaccination rates among recommended groups, and to reduce racial

and ethnic disparities.
Published by Elsevier Ltd.

Introduction

Influenza is a major cause of morbidity and mortality
among adults in the United States. During the 1990—1999
influenza seasons, approximately 36,000 excess deaths were
attributed annually to influenza with more than 90% of
deaths occurring in persons 65 years and older [1,2].
Influenza-related disease is responsible for an average of
226,000 excess hospitalizations per year in the United
States [3]. The influenza vaccine has been proven to be an
efficacious and cost-effective tool for reducing morbidity
and mortality associated with influenza in adults [4—11].
Influenza vaccination of healthy working adults <65 years
of age can decrease the rates of influenza-like illness, lost
workdays, and physician visits and can prevent illness and
complications among children and older adults [11—16]. The
economic impact of influenza infection is substantial. The
cost of a severe influenza epidemic has been estimated to be
$87.1 billion [17]. Much of this illness, death and associated
economic costs could be prevented with higher influenza
vaccination coverage levels.

Influenza vaccination is recommended for persons at
increased risk for complications from influenza, includ-
ing all persons aged 65 years and older, younger persons
with chronic diseases such as diabetes, chronic heart con-
ditions, chronic obstructive pulmonary disease (COPD),
asthma, cancer, and kidney failure, and women who will
be pregnant during the influenza season. Influenza vac-
cine is also recommended for persons who can transmit
influenza to those at high risk such as health care workers
(HCW), and household contacts [1]. In addition, all per-
sons 50—64 years are recommended to be vaccinated as
a substantial proportion of persons in this group have one
or more medical conditions which increase their risk of
complications.

Despite the presence of safe and effective vaccine and
long-standing recommendations to provide annual influenza
vaccination to target populations, vaccination levels are
suboptimal [18—26]. To assess progress toward achieving
2010 national health objectives and implementation of the
Advisory Committee on Immunization Practice (ACIP) rec-
ommendations, we analyzed the data from 1989 to 2005
National Health Interview Survey (NHIS). This study eval-
uated: (1) influenza vaccination prevalence among persons
aged >65 years, persons 50—64 years, adults aged <65 years
with high-risk conditions, health care workers, pregnant
women, and persons in close contact with persons at high
risk; (2) trends in vaccination; and (3) racial/ethnic dispar-
ities in influenza vaccination among target populations.

Methods

The National Health Interview Survey is a national household
survey conducted annually by National Center for Health
Statistics (NCHS). The data have been continuously collected
since 1957. The NHIS questionnaire consists of two basic
parts: a set of basic health and demographic items; and
one or more sets of questions on current health topics [27].
This analysis used variables from the sample adult core. In
the sample adult core, one adult per sampled family was
randomly selected and asked to complete the sample adult
questionnaire. In 2004, a total of 31,326 adults aged 18
years and older participated. The final response rate for the
sample adult core was 72.5%.

Participants were asked ‘‘During the past 12 months,
have you had a flu shot?’’ Vaccination status was deter-
mined by their affirmative or negative answer. Respondents
were also asked whether they had ever been told by
a doctor or other health professional that they had

“‘emphysema,’’ ‘‘chronic bronchitis,”’ ‘‘coronary heart
disease,’’ ‘‘angina,’’ ‘‘a heart attack,’’ any other heart
condition or heart disease,’’ ‘‘diabetes,’”’ ‘‘kidney fail-

ure,”” or ‘‘cancer’’. Questions regarding asthma status
were ‘‘Have you ever been told by a doctor or other health
professional that you had asthma?’’ and ‘‘During the past
12 months, have you had an episode of asthma or asthma
attack?’’ In addition, female respondents were asked ‘‘Are
you currently pregnant?’’

We defined high-risk persons as individuals who self-
reported one or more of the following: ever being told by
a physician they had diabetes, emphysema, coronary heart
disease, angina, heart attack or other heart condition; being
diagnosed with cancer in the past 12 months (excluding non-
melanoma skin cancer) or ever being told by a physician
they have lymphoma, leukemia or blood cancer; during the
past 12 months, being told by a physician they have chronic
bronchitis or weak or failing kidneys; or reporting an asthma
episode or attack in the past 12 months.

Individuals were classified as health care workers if
they were currently employed in a health care occu-
pation or in a health care industry setting, based on
standard occupation and industry categories recoded into
categories by the National Center for Health Statistics
at CDC. Health occupation included health diagnosing
occupations, health assessment and treating occupations,
health technologists, and health service occupations.
Health care settings included hospitals, nursing or per-
sonal care facilities, and offices of physicians, dentists,
chiropractors, optometrists or other health care practition-
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ers. Classification of HCW is described further in Walker
et al. [25].

Household contacts were defined as persons aged 18—64,
who themselves were not in an high-risk group and not an
HCW, living in households with at least one identified per-
son at high risk of complications from influenza infection.
Because only one sample adult is selected per family, high-
risk adult family members could only be identified on the
basis of age at the time of the survey (>65 years). High-
risk child family members were identified based on age and
high-risk conditions (all children <2 years, and children 2—17
years with high-risk conditions such as asthmas, cystic fibro-
sis, sickle cell anemia, diabetes, congenital heart disease,
and other heart conditions). In addition, since 1997 a sam-
ple child/adult was selected for each family, not just each
household.

We assessed influenza vaccination among ACIP adult tar-
get groups and stratified by race/ethnicity. Wald Chi-square
statistical tests were performed to see if racial/ethnic dif-
ferences within each target group were significant. Influenza
vaccination rates from 1989 to 2005 or 1997 to 2005 were
evaluated based on whether the variables were available or
not in each survey year. A test for linear trends in recent
years was conducted for each target group [28]. Individuals
who refused to answer the influenza vaccination question or
did not know their vaccination status were excluded from
the analysis. There were 1.4% (275) individuals who did not
know their influenza vaccination status in 2004. This pro-
portion varied from 1989 to 2005 (ranged from 0.01% to
2.0%). Since 2004, a question on receipt of the influenza
nasal spray vaccination was included in the questionnaire,
but we excluded those data from the analysis because the
number who reported vaccination with the spray alone in
the past 12 months was very small (<0.5%) and these reports
may be less accurate. To better approximate past season
coverage, we reported coverage restricted to individuals
interviewed during February through August. For exam-
ple, respondents interviewed February—August 2004 were
analyzed to estimate influenza vaccine coverage for the
2003—-2004 influenza season. We focused primarily on NHIS
2004 data (2003—2004 season) in the results because of a
vaccine shortage for the 2004—2005 season, which was asso-
ciated with substantially lower vaccine coverage estimates
based on the 2005 NHIS data.

SUDAAN statistical software (Software for the statisti-
cal analysis of correlated data, Research Triangle Institute;
Research Triangle Park, NC) was used to generate point esti-
mates and 95% confidence intervals and to account for the
complex sampling design of the National Health Interview
Survey. All analyses were weighted to reflect the age, sex,
and race/ethnicity of the U.S. non-institutionalized civilian
population.

Results

After excluding participants with missing values for our study
variables, 18,356 participants were included in the analysis
in 2004; among those adults, 22.4% were 50—64 years of
age, and 19.2% were 65 years or older. Among persons aged
18—64 years, 18.7% reported having a high-risk condition.
Health care workers made up 8.2% of respondents.
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Figure 1 National Health Interview Survey (NHIS)

1989—-2005. *Each year includes persons interviewed dur-
ing February—August of the year and approximates coverage
for the prior fall-winter vaccination period (2005 means
2004—2005 season, and so on). **Household contacts are
persons aged 18—64 years living in households with at least one
identified person at high risk of complications from influenza
infection including children <2 years. Vaccination of contacts
of children <2 years was just encouraged for 2002—2003 and
2003—2004 seasons, and then fully recommended for the
2004—2005 season of vaccine shortage.

Influenza vaccination coverage in 2004 for adults >65
years of age was 70.0% (95% Cl=68.0—71.5%) compared
to 40.7% (95% Cl=39.0—42.5%) for persons aged 50—64
years. During 1989—1999, influenza vaccination coverage
for elderly adults increased steadily each year (test for
trend, p<0.05), but plateaued from 1999 to 2004 (test for
trend p>0.05) (Fig. 1, Table 1). The coverage dropped sub-
stantially in 2005. In 2004, vaccination coverage levels for
persons >65 years of age were 72.7% (95% Cl=70.9—74.4%)
for non-Hispanic whites, 49.5% (95% Cl=43.1-55.9%) for
non-Hispanic blacks, and 59.0% (95% Cl=52.5—65.3%) for
Hispanics (Table 2).

In 2004, coverage among persons aged 18—64 years
with high-risk conditions was lower for younger adults
(ages 18—49: 27.2% [95% Cl=24.6—29.9%] vs. ages 50—64:
50.5% [95% Cl=47.2—53.9%]) (Table 1) overall and in each
racial/ethnic group (Table 2). In both age groups (18—49 and
50—64), vaccination coverage was higher among high-risk
persons (27.2% and 50.5%, respectively) compared to those
without identified high-risk conditions (18.6% and 36.8%,
respectively). From 1999 to 2004, influenza vaccination
coverage among those aged 50—64 years with high-risk con-
ditions remained at a stable level (test for trend: p>0.05)
(Fig. 1, Table 1), but coverage slowly increased for persons
aged 18—49 years with high-risk conditions during the same
period (test for trend, p <0.05). Among high-risk persons in
both age groups (18—49 and 50—64), coverage substantially
declined in 2005. Vaccination coverage in both age groups
was significantly lower for non-Hispanic blacks and Hispanics
compared to non-Hispanic whites (p<0.01) (Table 2).



Table 1 Influenza vaccination coverage for recommended adult populations, National Health Interview Survey (NHIS)?

NHIS 2004 NHIS 2005
Sample size Weighted sample size Vaccination rate (95% Cl) Sample size Weighted sample size Vaccination rate (95% Cl)
Age group
50—64 4,076 47,757,022 40.7 (39.0, 42.5) 4,399 49,214,722 21.4 (20.1, 22.8)
65+ 3,491 34,019,061 70.0 (68.0, 71.5) 3,603 34,251,524 60.2 (58.3, 62.2)
Persons with high-risk condition
18—64 2,724 31,726,465 37.5 (35.3, 39.8) 3,000 34,203,280 24.5 (22.8, 26.3)
18—49 1,502 17,599,726 27.2 (24.6, 29.9) 1,560 18,724,466 17.6 (15.5, 19.9)
50—64 1,222 14,126,739 50.5 (47.2, 53.9) 1,440 15,478,814 33.0 (30.3, 35.7)
Persons without high-risk condition
18—64 11,837 146,073,420 22.8 (21.8, 23.7) 12,215 145,305,367 10.3 (9.7, 10.9)
18—49 8,995 112,574,496 18.6 (17.6, 19.6) 9,262 111,627,834 8.5(7.9,9.2)
50—64 2,842 33,498,924 36.8 (34.8, 38.9) 2,953 33,677,533 16.2 (14.6, 17.8)
Pregnant women 156 1,967,438 14.4 (8.8, 22.9) 180 2,155,587 13.2 (8.3, 20.3)
HCW 1,188 14,376,913 43.2 (39.9, 46.6) 1,264 14,798,810 32.8 (30.1, 35.5)
Household contacts of persons at high risk including children <2 years
Total 1,698 23,414,554 21.1 (19.1, 23.4) 1,646 21,834,669 10.3 (8.7, 12.0)
18—49 1,406 19,212,052 17.4 (15.4, 19.5) 1,358 17,872,443 7.5 (6.0, 9.2)
50—64 292 4,202,502 38.1 (32.3, 44.3) 288 3,962,226 22.4 (17.7, 27.8)

@ This table is based on February—August interviews only.
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Table 2 Influenza vaccination coverage among recommended adult populations by race/ethnicity (2004 NHIS)?
Vaccination rate (95% Cl) p”
NH-white NH-black Hispanic Others
Age group
50—64 43.7 (41.6, 45.8) 27.3 (23.2, 31.9) 32.0 (27.4, 37.1) 36.6 (28.1, 46.0) <0.01
65+ 72.7 (70.9, 74.4) 49.5 (43.1, 55.9) 59.0 (52.5, 65.3) 61.8 (47.0, 74.6) <0.01
Persons with high-risk condition
18—64 39.6 (37.0, 42.3) 28.9 (24.1, 34.1) 29.1 (24.0, 34.8) 50.6 (40.3, 60.8) <0.01
18—49 28.3 (25.1, 31.7) 24.1 (18.3, 31.0) 20.1 (14.5, 27.3) 42.0 (27.1, 58.4) <0.05
50—64 52.9 (48.9, 56.8) 36.4 (28.2, 45.4) 45.0 (36.7, 53.5) 59.7 (43.0, 74.4) <0.01
Pregnant women 18.9 (10.9, 30.8) g g g
HCW 47.3 (43.3, 51.5) 29.4 (22.5, 37.4) 33.2 (25.0, 42.4) 46.1 (30.5, 62.5) <0.01
Household contacts of persons at high risk including children <2 years
18—64 26.5 (23.6, 29.7) 12.8 (8.2, 19.3) 11.0 (8.1, 14.7) 15.1 (8.4, 25.5) <0.01
18—49 22.0 (19.1, 25.2) 11.7 (7.1, 18.7) 9.6 (6.9, 13.3) 13.5 (7.0, 24.3) <0.01
50—64 41.8 (35.0, 48.9) g 2 5

@ This table is based on February—August interviews only. NH stands for non-hispanic.
b The standard of reliability is RSE < 0.3 (where RSE = the ratio of the standard error and the prevalence, se/percent), this estimate did

not meet the standard or there were <30 respondents in the denominator.
™ p value indicates chi-square test for association between racial/ethnic groups with NH-white as the reference group.

In 2004, 4.4% (156) women aged 18—44 years reported
they were pregnant when interviewed. From 1997 to 2004,
vaccination coverage among pregnant women aged 18—44
years without any high-risk conditions ranged from a low of
9.3% in 2002 to 14.4% in 2004 (Fig. 1, Table 1) and did not
differ statistically compared to non-pregnant women of the
same age group (p > 0.05) (data not shown). Coverage among
pregnant women was stable during 1997—2004 (test for
trend, p>0.05). Influenza vaccination coverage was 18.9%
in 2004 for non-Hispanic white women who were currently
pregnant with no reported medical conditions; estimates for
other racial and ethnic groups were unreliable due to small
numbers (Table 2).

Among healthcare workers, influenza vaccination
increased from 8.3% (95% Cl=7.4-9.4%) in 1989 to 43.2%
(95% Cl1=39.9—-46.6%) in 2004 (test for trend, p<0.05)
(Fig. 1, Table 1), but was significantly lower in 2005. Non-
Hispanic white HCWs reported significantly higher coverage
(47.3%, 95% Cl=43.3—51.5%) than non-Hispanic African-
Americans (29.4%, 95% Cl=22.5—37.4%), and Hispanics
(33.2%, 95% Cl=25.0—42.4%) (Table 2).

Among identified household contacts aged 18—64 years
who lived with a high-risk person, influenza vaccination cov-
erage ranged from 15.7% to 21.1% during 2002—2004 and was
significantly lower in 2005 (Fig. 1). Household contacts aged
18—49 years were significantly less likely than persons aged
18—49 with high-risk conditions to report an influenza vacci-
nation (17.4%, 95% Cl =15.4—19.5% and 27.2%, 95% Cl = 24.6—
29.9%, respectively); a similar pattern was observed for
persons aged 50—64 years (Table 1). Among household
contacts aged 18—64 years, the estimated percentages of
non-Hispanic blacks and Hispanics having received influenza
vaccination (12.8%, 95% Cl=8.2—19.3% and 11.0%, 95%
Cl=8.1—14.7%, respectively) were lower than those for
non-Hispanic whites (26.5%, 95% Cl=23.6—29.7%). These
racial/ethnic disparities remained when age groups were
split into 18—49 years and 50—64 years (Table 2).

In 2005, vaccination coverage among each of the recom-
mended adult sub-groups was significantly lower compared
to 2004, except for pregnant women (Fig. 1, Table 1).

Discussion

The results of this study indicate that national influenza vac-
cination coverage among persons aged >65 years of age sub-
stantially increased from 1989 to 1999, but largely plateaued
after 1999. A significant drop occurred in 2005 due to the
2004—2005 influenza vaccine shortage. Among adults aged
>65 years, the 2000 national health objective level of 60%
influenza vaccination coverage was first attained in 1997.
However, looking toward year 2010, influenza vaccination
coverage in 2004 (70.0%) still remained well below the 90%
target. The objective of 90% by 2010 is unlikely to be reached
unless effective intervention strategies are developed and
programs are widely implemented to dramatically improve
influenza vaccination coverage among this age group.

Influenza vaccination levels were also far below target
levels for adults 18—64 years old with high-risk conditions
and were significantly affected by delays and shortages in
influenza vaccine. The substantial and unexpected reduc-
tion in the supply of influenza vaccine for the 2004—2005
season and the delay in vaccine distribution in 2000—2001
are reflected in the coverage results [29,30], but do not
explain all of the lack of recent progress in improving
influenza vaccine coverage in adults aged >65 years and
high-risk persons aged 18—64 years.

Although substantial data exists regarding the benefits of
influenza vaccine in high-risk groups, only one randomized
trial of influenza vaccine has been conducted among com-
munity dwelling persons 60 years and older [1,15,31—33] and
recent articles have questioned the benefit of the influenza
vaccine particularly among the elderly [34—36]. Although
many frail elderly may not respond optimally to influenza
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vaccination, the vaccine remains the single best preven-
tion tool against influenza and its complications. Raising
influenza vaccination rates among the elderly and among
their contacts, including health care workers, can only serve
to better protect those most vulnerable to influenza com-
plications. Communication challenges in sustaining interest
and effort toward obtaining vaccination each year are
formidable, but may be more sustainable if vaccine supply
remains reliable in future years.

Trends in vaccination coverage among HCWs indicate
some progress in improving coverage in this group. Health
care workers can spread the highly contagious influenza
virus to patients and may have contributed to the death of
patients [37—39]. Despite being recommended annually for
health care workers by ACIP, and being part of the Standards
for Adult Immunization Practices [40], influenza vaccination
coverage among health care workers was not optimal.
Moreover, approximately 70% of health care workers stated
they had worked despite having influenza-like symptoms,
further highlighting the importance of influenza prevention
efforts, including following infection control measures
in this group [41]. Although rates of health care worker
vaccination are low, with moderate efforts, organized
campaigns can obtain much higher rates of vaccination
among this population [25,42].

Pregnancy can increase the risk for serious medical
complications from influenza infection [43—46]. In 1997,
the ACIP recommended that women who will be in the
second or third trimester of pregnancy during the influenza
season need to get the influenza vaccination [47]. In 2004,
the recommendation was expanded to include all women
who are pregnant during the influenza season [1]. Pregnant
women were the least likely of recommended adult target
populations to be vaccinated, ranging from 9.3% to 14.4%,
1997—-2004. In a study of influenza vaccination during
pregnancy, 22% had discussed influenza vaccine with their
physicians during pregnancy, with only 8% of respondents
having been vaccinated [48]. Concerns about safety of
any drug or vaccine use during pregnancy likely affects
willingness of pregnant women to seek vaccination. How-
ever, no risk to pregnant women or their unborn children
from influenza vacation has been demonstrated [49,50].
In order to improve vaccine coverage, the Ob/Gyn role as
the primary care provider who vaccinates pregnant women
should be promoted and successful strategies need to be
identified in these settings.

Decreasing transmission of influenza from household con-
tacts to persons at high risk might reduce influenza-related
deaths among persons at high risk. Influenza transmis-
sion in households is a subject of renewed interest. One
study showed that overall in 279 households in which a
person was diagnosed with influenza, 131 (24.1%) sec-
ondary influenza cases occurred among the 543 households
contacts [51]. ACIP recommends that close contacts of per-
sons at high risk for complications from influenza should
receive influenza vaccine [1]. Limited information is avail-
able regarding use of influenza vaccine among household
contacts. Approximately 70 million persons aged 18—64
years without other indications for influenza vaccination are
household contacts in the U.S. [52]. But this study showed
the coverage among household contacts aged 18—64 years
was only 21.1%. Providers need to recommend and pro-

vide vaccinations to household contacts. Further studies
are needed to determine why providers are not encour-
aging more strongly influenza vaccination for household
contacts.

The findings in this study indicate a marked differ-
ence in influenza vaccination coverage by race/ethnicity.
Non-Hispanic whites were persistently more likely to be
vaccinated than non-Hispanic blacks and Hispanics among
persons aged >65 years, high-risk persons aged 18—64 years,
health care workers, and household contacts. For pregnant
women only non-Hispanic whites had a large enough sample
size for reliable estimates of coverage. Our results concur
with the findings of other studies that have documented
racial/ethnic differences in influenza vaccination in the
United States [21,24,25,53—55]. These differences may
result from a combination of factors, including differences
in attitudes toward vaccination and preventive care,
differences in patient—provider interactions, differences in
propensity to seek and accept vaccination, and differences
in quality of care [24,25,53—59]. Further studies are needed
to examine the contribution of other factors so that we can
more fully understand the complex causes of these patterns
and especially ways to overcome barriers blocking higher
coverage.

There were limitations that may affect the generalization
of the results. All data for this study were collected by self-
report by an adult family member and influenza vaccination
status and high-risk conditions were not validated against
medical records. However, adult self-reported vaccination
status has been shown to have high sensitivity and moder-
ate specificity [60], with a range of 5—11% net over reporting
bias. A second limitation is that we cannot directly assess
season-specific estimates from 1989 to 2004 because individ-
uals were asked ‘During the past 12 months, have you had a
flu shot?’’ From 2005 on, **Which month and year did you get
your most recent flu shot’’ was added to the questionnaire
that will allow us to more accurately evaluate influenza vac-
cination coverage by season. In 2005, estimated coverage
for the 2004—2005 season among persons aged >65 years
based on reported month/year (September 2004—January
2005) was similar to coverage based on February—August
interview data (58% vs. 60%). A third potential limitation is
that we identified pregnant women based on being pregnant
at the time of the survey; information on the stage of preg-
nancy or due date was not available. In addition, we could
measure influenza vaccination coverage on only a subset of
household contacts of high-risk persons. Finally, informa-
tion was not available for some high-risk conditions (such
as neurological-related conditions that impair lung function)
identified by ACIP.

Substantial improvement in annual influenza vaccination
of currently recommended groups, their household contacts
and healthcare workers, and elimination of racial and ethnic
disparities in influenza vaccine coverage are needed to max-
imally reduce the health impact of influenza. Strategies to
improve coverage in adults include institution of reminder-
recall systems, use of media promotions and educational
programs, implementation of standing orders programs,
and utilization of alternative, convenient locations in
addition to medical settings for adults to obtain annual
influenza vaccine, such as worksite vaccination programs
[41,61,62].
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Appendix A

Influenza vaccination coverage (%) for recommended adult populations, National Health Interview Survey (NHIS), 1989—20052

NHIS survey year®

Recommended groups

1991 1993 1994 1995 1997 1998 1999 2000 2001 2002 2003 2004 2005 2002 2003 2004 2005

1989

40.9 48.3 56.0 584 64.2 64.0 66.0 68.1 64.5 66.7 66.0 70.0 60.2 66.7 66.0 70.0 60.2

30.1

65 or older

23.5 20.8 25.6 209 235 260 272 17.6 23.5 26.0 27.2 17.6

20.0

18—49 With high-risk

conditions
50—64 With high-risk

442 45.0 48.6 421 449 47.2 50.5 33.0 449 47.2 50.5 33.0

40.4

conditions

HCW

22.4 26.0 29.5 32.2 36.2 349 39.0 36.0 37.8 42.2 43.2 32.8 37.8 42.2 43.2 328
9.3 9.3

15.7

8.3

14.4  13.2

11.2

14.4  13.2

11.2

14.4 13.8 10.6 11.5

12.6

Pregnant women

15.7 211 10.3 17.3  15.7 21.1 10.3

17.3

G

HH contacts (18—64)4

@ This table is based on February—August interviews only.

b Each year includes persons interviewed during February—August of the year and approximates coverage for the prior fall-winter vaccination period (2005 means 2004—2005 season,

and so on).

¢ Data were not available.

d Household contacts are persons aged 18—64 years living in households with at least one identified person at high risk of complications from influenza infection including children <2
years. Vaccination of contacts of children <2 years was just encouraged for 2002—2003 and 2003—2004 seasons, and then fully recommended for the 2004—2005 season of vaccine shortage.

References

[1] Centers for Disease Control and Prevention (CDC). Prevention
and control of influenza. MMWR 2006;55(RR-10):1—42.

[2] Thompson WW, Shay DK, Weintraub E, Brammer L, Cox
N, Anderson LJ, et al. Mortality associated with influenza
and respiratory syncytial virus in the United States. JAMA
2003;289:179—86.

[3] Thompson WW, Shay DK, Weintraub E, Brammer L, Bridges CB,
Cox N, et al. Influenza-associated hospitalization in the United
States. JAMA 2004;292:1333—40.

[4] Fedson DS, Wajda A, Nicol PJ, Hammond GW, Kaiser DL, Roos
LI. Clinical effectiveness of influenza vaccination in Manitoba.
JAMA 1993;270:1956—61.

[5] Wilde JA, McMillan JA, Serwint J, Butta J, O’Riordan MA,
Steinhoff MC. Effectiveness of influenza vaccine in health care
professionals: a randomized trial. JAMA 1999;281:908—13.

[6] McBean AM, Babish JD, Warren JL. The impact and cost of
influenza in the elderly. Arch Intern Med 1993;153:2105—11.

[7] Gross PA, Hermogenes AW, Sachs J, Lau F., Levandowski RA. The
efficacy of influenza vaccine in elderly persons. A meta-analysis
and review of the literature. Ann Intern Med 1995;123:518-27.

[8] Vu T, Farish S, Jenkins M, Kelly H. A meta-analysis of effec-
tiveness of influenza vaccine in persons aged 65 years and over
living in the community. Vaccine 2002;20:1831—6.

[9] Fedson DS, Houck P, Bratzler D. Hospital-based influenza and
pneumococcal vaccination: Sutton’s law applied to prevention.
Infect Control Hosp Epidemiol 2000;21:692—9.

[10] Aballéa S, De Juanes JR, Barbieri M, Martin M, Chancellor J,
Oyagiliez |, et al. The cost effectiveness of influenza vaccination
for adults aged 50 to 64 years: a model-based analysis for Spain.
Vaccine 2007;25(39—40):6900—10.

[11] Nichol KL, Margolis KL, Wuorenma J, Von Sternberg T. The effi-
cacy and cost effectiveness of vaccination against influenza
among elderly persons living in the community. N Engl J Med
1994;331:778—-84.

[12] Bridges CB, Thompson WW, Meltzer MI, Reeve GR, Talamonti
WJ, Cox NJ. Effectiveness and cost-benefit of influenza vac-
cination of healthy working adults: a randomized controlled
trial. JAMA 2000;284:1655—63.

[13] Nichol KL, Lind A, Margolis KL, Murdoch M, McFadden R, Hauge
M, et al. The effectiveness of vaccination against influenza in
healthy, working adults. N Engl J Med 1995;333(14):889—-93.

[14] Ohmit SE, Victor JC, Rotthoff JR, Teich ER, Truscon RK,
Baum LL, et al. Prevention of antigenically drifted influenza
by inactivated and live attenuated vaccines. N Engl J Med
2006;355(24):2513—-22.

[15] Nichol KL, Nordin JD, Nelson DB, Mullooly JP, Hak E. Effective-
ness of influenza vaccine in the community-dwelling elderly. N
Engl J Med 2007;357(14):1373—81.

[16] Shuler CM, Iwamoto M, Bridges CB, Marin M, Neeman R,
Gargiullo P, et al. Vaccine effectiveness against medically
attended, laboratory-confirmed influenza among children aged
6—59 months, 2003—2004. Pediatrics 2007;119(3):e587—95.

[17] Molinari NA, Ortega-Sanchez IR, Messonnier ML, Thompson WW,
Wortley PM, Weintraub E, et al. The annual impact of sea-
sonal influenza in the US: measuring disease burden and costs.
Vaccine 2007;25:5086—96.

[18] Williams WW. Managed care can improve pneumococcal and
influenza vaccination levels. HMO Pract 1997;2(4):174-5.

[19] Fedson DS. Adult immunization: summary of the National Vac-
cine Advisory Committee report. JAMA 1994;272:1133—7.

[20] Nichol KL. Ten-year durability and success of an organized pro-
gram to increase influenza and pneumococcal vaccination rates
among high-risk adults. Am J Med 1998;105:385—92.

[21] Egede LE, Zheng D. Racial/Ethnic differences in influenza
vaccination coverage in high-risk adults. Am J Public Health
2003;93:2074—8.



Influenza vaccination of recommended adult populations

1793

[22] Singleton JA, Wortley PM, Lu PJ. Influenza vaccination of per-
sons with cardiovascular disease in the United States. Tex Heart
Inst J 2004;31:1—6.

[23] Lu PJ, Singleton JA, Rangel MC, Wortley PM, Bridges CB.
Influenza vaccination trends among adults 65 vyears or
older in the United States, 1989—2002. Arch Intern Med
2005;165:1849—56.

[24] Singleton JA, Santibanez TA, Wortley PM. Influenza and
pneumococcal vaccination of adults aged >65: racial/ethnic
differences. Am J Prev Med 2005;29(5):412—20.

[25] Walker FJ, Singleton JA, Lu PJ, Wooten KG, Strikas RA.
Influenza vaccination of health care workers in the United
States, 1989—2002. Infect Control Hosp Epidemiol 2006;27:
257—65.

[26] Pleis JR, Gentleman JF. Using the National Health Interview
Survey: time trends in influenza vaccinations among targeted
adults. Eff Clin Pract 2002;5(3 Suppl):E3.

[27] National Center for Health Statistics, 2002 National Health
Interview Survey. Public use data release. NHIS survey descrip-
tion.

[28] SUDAAN user manual release 8.0. Research Triangle Institute;
2001. p. 385—6.

[29] Fukuda K, O’Mara D, Singleton JA. How the delayed distribution
of influenza vaccine created shortages in 2000 and 2001. Pharm
Ther 2002;27:235—42.

[30] Centers for Disease Control and Prevention (CDC). Estimated
influenza vaccination coverage among adults and children.
MMWR 2004;53(49):1147—53.

[31] Demicheli V, Jefferson T, Rivetti D, Deeks J. Prevention
and early treatment of influenza in healthy adults. Vaccine
2000;18:957—1030.

[32] Govaert TM, Thijs CT, Masurel N, Sprenger MJ, Dinant GJ,
Knottnerus JA. Efficacy of influenza vaccination in elderly indi-
viduals: a randomized double-blind placebo-controlled trial.
JAMA 1994;272:1661-5.

[33] Patriarca PA, Weber JA, Meissner MK, Stricof RL, Dateno B,
Braun JE. Use of influenza vaccine in nursing homes. J Am
Geriatr Soc 1985;33(7):463—6.

[34] Simonsen L, Reichert TA, Viboud C, Blackwelder WC, Taylor
RJ, Miller MA. Impact of influenza vaccination on seasonal
mortality in the US elderly population. Arch Intern Med
2005;165:265—72.

[35] Jackson LA, Nelson JC, Benson P, Neuzil KM, Reid RJ, Psaty BM,
et al. Functional status is a confounder of the association of
influenza vaccine and risk of all cause mortality in seniors. Int
J Epidemiol 2006;35(2):345—52.

[36] Jackson LA, Jackson ML, Nelson JC, Neuzil KM, Weiss NS. Evi-
dence of bias in estimates of influenza vaccine effectiveness
in seniors. Int J Epidemiol 2006;35(2):337—44.

[37] Salgado CD, Farr BM, Hall KK, Hayden FG. Influenza in the acute
hospital setting. Lancet Infect Dis 2002;2:145—55.

[38] Harrison J, Abbott P. Vaccination against influenza: UK health
care workers not on-message. Occup Med 2002;52(5):277—-9.

[39] Evans ME, Hall KL, Berry SE. Influenza control in acute care
hospitals. AJIC 1997;25:357—62.

[40] Poland GA, Shefer AM, McCauley M, Webster PS, Whitley-
Williams PN, Peter G. Standards for adult immunization
practices. Am J Prev Med 2003;25(2):144—50.

[41] Ohrt CK, McKinney WP. Achieving compliance with influenza
immunization of medical house staff and students. JAMA
1992;267:1377—-80.

[42] National Foundation for Infectious Diseases. Call to action:
influenza immunization among health-care workers 2003.
Bethesda, MD: National Foundation for Infectious Diseases,
2003. Available at http://www.nfid.org.

[43] Shahab SZ, Glezen WP. Influenza virus. In: Gonik B, editor. Viral
diseases in pregnancy. New York, NY: Springer-Verlag; 1994. p.
215-23.

[44] Schoenbaum SC, Weinstein L. Respiratory infection in preg-
nancy. Clin Obstet Gynecol 1979;22:293—300.

[45] Kirshon B, Faro S, Zurawin RK, Samo TC, Carpenter RJ. Favor-
able outcome after treatment with amantadine and ribavirin
in a pregnancy complicated by influenza pneumonia: a case
report. J Reprod Med 1988;33:399—401.

[46] Irving WL, James DK, Stephenson T, Laing P, Jameson C,
Oxford JS, et al. Influenza virus infection in the sec-
ond and third trimesters of pregnancy: a clinical and
seroepidemiological study. Br J Obstet Gynaecol 2000;107:
1282-9.

[47] Centers for Disease Control and Prevention (CDC). Prevention
and control of influenza. MMWR 1997;46(RR-9):1—25.

[48] Silverman NS, Greif A. Influenza vaccination during pregnancy.
J Reprod Med 2001;46(11):989—94.

[49] Munoz FM, Greisinger AJ, Wehmanen OA, Mouzoon ME, Hoyle
JC, Smith FA, et al. Safety of influenza vaccination during preg-
nancy. Am J Obstet Gynecol 2005;192(4):1098—106.

[50] Heinonen OP, Shapiro S, Monson RR, Hartz SC, Rosenberg
L, Slone D, et al. Immunization during pregnancy against
poliomyelitis and influenza in relation to childhood malignancy.
Int J Epidemiol 1973;2:229—-35.

[51] Viboud C, Boelle PY, Cauchemez S, Lavenu A, Valleron AJ,
Flahault A, et al. Risk factors of influenza transmission in house-
holds. Br J Gen Pract 2004;54(506):684—9.

[52] Centers for Disease Control and Prevention (CDC). Estimates of
influenza vaccination target population sizes in 2006 and recent
vaccine uptake levels. Available at: http://www.cdc.gov/flu/
professionals/vaccination/pdf/targetpopchart.pdf. Accessed
November 17, 2006.

[53] Lindley MC, Wortley PM, Winston CA, Bardenheier BH. The rule
of attitudes in understanding disparities in adult influenza vac-
cination. Am J Prev Med 2006;31(4):281-5.

[54] Singleton JA, Greby SM, Wooten KG, Walker FJ, Strikas
R. Influenza, pneumococcal, and tetanus toxoid vaccina-
tion of adults—United States, 1993—1997. MMWR 2000;49:
39-50.

[55] Link MW, Ahluwalia IB, Euler GL, Bridges CB, Chu SY, Wortley
PM, et al. Racial and ethnic disparities in influenza vaccina-
tion coverage among adults during the 2004—2005 season. Am
J Epidemiol 2006;163(6):571—8.

[56] Bach PB, Pham HH, Schrag D, Tate RC, Hargraves JL. Primary
care physicians who treat blacks and whites. N Engl J Med
2004;351(6):575—84.

[57] Schneider EC, Zaslavsky AM, Epstein AM. Racial disparities in
the quality of care for enrollees in medicare managed care.
JAMA 2002;287:1288—94.

[58] Gemson DH, Elinson J, Messeri P. Differences in physician pre-
vention practice patterns for white and minority patients. J
Community Health 1988;13(1):53—64.

[59] Centers for Disease Control and Prevention (CDC). Reasons
reported by medicare beneficiaries for not receiving influenza
and pneumococcal vaccinations—United States, 1996. MMWR
1999;48(39):886—90.

[60] Donald RM, Baken L, Nelson A, Nichol KL. Validation of self-
report of influenza and pneumococcal vaccination status in
elderly outpatients. Am J Prev Med 1999;16(3):173—7.

[61] Ndiaye SM, Hopkins DP, Shefer AM, Hinman AR, Briss PA,
Rodewald L, et al. Task force on community preventive
services: interventions to improve influenza, pneumococcal
polysaccharide, and hepatitis B vaccination coverage among
high-risk adults: a systematic review. Am J Prev Med 2005;28(5
Suppl):248—79.

[62] Ndiaye SM, Hopkins DP, Smith SJ, Hinman AR, Briss PA. Task
Force on Community Preventive Services: Methods for conduct-
ing systematic reviews of targeted vaccination strategies for
the guide to community preventive services. Am J Prev Med
2005; 28(5 Suppl):238—247.


http://www.nfid.org/
http://www.cdc.gov/flu/professionals/vaccination/pdf/targetpopchart.pdf
http://www.cdc.gov/flu/professionals/vaccination/pdf/targetpopchart.pdf

	Influenza vaccination of recommended adult populations, U.S., 1989-2005
	Introduction
	Methods
	Results
	Discussion
	Appendix A
	References


